US 20170234209A1

a2y Patent Application Publication o) Pub. No.: US 2017/0234209 A1

a9y United States

KONDO et al.

43) Pub. Date: Aug. 17,2017

(54) SUPERCHARGING DEVICE FOR ENGINE

(71) Applicant: MAZDA MOTOR CORPORATION,
Hiroshima (JP)

(72) Inventors: Hidenari KONDO,
Higashihiroshima-shi (JP); Manabu
SUGIMOTO, Hiroshima-shi (JP)

(73) Assignee: MAZDA MOTOR CORPORATION,
Hiroshima (JP)

(21) Appl. No.: 15/412,577

(22) Filed: Jan. 23, 2017
(30) Foreign Application Priority Data
Feb. 12,2016 (IP) ccccevvvrevirecrccicnen 2016-024868

Publication Classification

(51) Int. CL

F02B 37/04 (2006.01)
F02B 37/013 (2006.01)
F02B 37/12 (2006.01)

F02B 29/04 (2006.01)
F02B 7520 (2006.01)
F02B 37/16 (2006.01)
(52) US.CL
CPC oo F02B 37/04 (2013.01); FO2B 75/20

(2013.01); FO2B 37/16 (2013.01); FO2B
37/127 (2013.01); FO2B 29/045 (2013.01):
F02B 37/013 (2013.01); F02B 2075/1816
(2013.01)

(57) ABSTRACT

A supercharging device for an engine includes an electric
supercharger which supercharges intake air, an intercooler
which cools intake air discharged from the electric super-
charger; and an intake manifold which is disposed substan-
tially horizontally, and is configured to communicate
between a downstream end of the intercooler in an intake air
flow direction, and intake ports. The downstream end of the
intercooler is located on a lower end of the intercooler. The
downstream end of the intercooler is disposed substantially
at the same height as an upstream end of the intake ports.
The electric supercharger is disposed below the intercooler
along a surface of the engine on an intake side where the
intake ports are opened.
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SUPERCHARGING DEVICE FOR ENGINE

FIELD OF THE INVENTION

[0001] The present invention relates to a supercharging
device for an engine, which enables to protect an electric
supercharger from exhaust heat while preventing deposition
of condensed water within an intercooler, and which is
mountable around the engine in a compact manner

BACKGROUND ART

[0002] Development on an engine with an electric super-
charger, which includes an engine, a turbocharger which
supercharges intake air by using exhaust energy of the
engine, and an electric supercharger which compensates for
the supercharging performance of the turbocharger when the
engine is in a low speed range, has progressed. Japanese
Unexamined Patent Publication No. 2006-220124 (herein-
after, referred to as Patent Literature) discloses an example
of the aforementioned configuration.

[0003] An engine with an electric supercharger illustrated
in FIG. 5 of Patent Literature includes an engine; an intake
passage which introduces intake air into the engine; an
exhaust passage which discharges exhaust air from the
engine; a turbocharger including a turbine disposed on the
exhaust passage, and a compressor disposed on the intake
passage; an intercooler disposed on the downstream side of
the compressor on the intake passage; a bypass passage
which communicates between the intercooler and the com-
pressor on the intake passage; and an electric supercharger
disposed on the bypass passage.

[0004] When intake air whose temperature is increased by
compression by a compressor is cooled by an intercooler,
water condensation may occur within the intercooler.
Although the positional relationship between an intercooler
and an intake port of an engine in the up-down direction is
not clear from the description of Patent Literature, when the
intercooler is located on the lower side than the intake port,
the following problem may occur. Specifically, when a state
that the engine speed is low (e.g. an idling state) is continued
for a long time, water droplets by water condensation may
not be sucked into the engine, and condensed water may
deposit within the intercooler. If the engine speed is rapidly
increased in this state, a large amount of condensed water
may be instantaneously sucked into the engine together with
the air, and liquid compression may occur within the engine.
[0005] In order to solve the aforementioned drawback, for
instance, there is an idea of disposing an intercooler on the
upper side than a cylinder head of an engine. When the
intercooler is disposed as described above, water droplets
generated by water condensation are sucked into an engine
immediately after generation of condensed water. This may
make it difficult to cause deposition of condensed water
within an intercooler, and may prevent liquid compression.
In the aforementioned configuration, however, the position
of the upper end of the intercooler is set high. This may
increase the height of a hood.

[0006] Further, although the position of an electric super-
charger with respect to an engine is not clear from the
description of Patent Literature, when the electric super-
charger is disposed on the exhaust side of the engine, the
electric supercharger may cause an operation failure by
exhaust heat because the heat resistance of a motor in the
electric supercharger is low.
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[0007] Further, in recent years, in a family vehicle, there
is a demand for downsizing i.e. reducing the size and the
weight of a vehicle while securing a high output with a
compact engine for improving the fuel economy. Therefore,
there is a demand for miniaturizing an engine with an
electric supercharger.

SUMMARY OF THE INVENTION

[0008] In view of the above, an object of the present
invention is to provide a supercharging device for an engine,
which enables to protect an electric supercharger from
exhaust heat while preventing deposition of condensed
water within an intercooler, and which is mountable around
the engine in a compact manner.

[0009] An aspect of the present invention is directed to a
supercharging device for an engine including a cylinder
head with intake ports. The supercharging device includes
an electric supercharger which supercharges intake air to the
engine; an intercooler which cools intake air discharged
from the electric supercharger; and an intake manifold
which is disposed substantially horizontally, and is config-
ured to communicate between a downstream end of the
intercooler in an intake air flow direction, and the intake
ports. The downstream end of the intercooler is located on
a lower end of the intercooler, and the downstream end of
the intercooler is disposed substantially at a same height as
an upstream end of the intake ports. The electric super-
charger is disposed below the intercooler along a surface of
the engine on an intake side where the intake ports are
opened.

[0010] These and other objects, features and advantages of
the present invention will become more apparent upon
reading the following detailed description along with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a schematic diagram illustrating an over-
all structure of an engine provided with a supercharging
device according to an embodiment of the present invention;
[0012] FIG. 2 is a perspective view illustrating the engine;
[0013] FIG. 3 is a side view of the engine when viewed
from the intake side;

[0014] FIG. 4 is a plan view illustrating the engine;
[0015] FIG. 5 is a side view of an intake manifold and an
intercooler when viewed in the cylinder array direction;
[0016] FIG. 6 is a perspective view illustrating the intake
manifold and a surge tank of the intercooler;

[0017] FIG. 7 is a plan view illustrating the intake mani-
fold and the surge tank of the intercooler;

[0018] FIG. 8 is a side view illustrating the intake mani-
fold and the surge tank of the intercooler when viewed from
a direction orthogonal to the cylinder array direction;
[0019] FIG. 9 is a side view of the intake manifold when
viewed from the engine side; and

[0020] FIG. 10 is a perspective view illustrating an inter-
cooler core.

DESCRIPTION OF EMBODIMENTS

[0021] In the following, a preferred embodiment of the
present invention is described in detail referring to the
accompanying drawings.
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Configuration of Engine

[0022] An engine 1 (see FIG. 1 to FIG. 3) to which a
supercharging device according to an embodiment is applied
is a vehicular engine for an automobile or the like. The
engine 1 is a longitudinally mounted in-line 4-cylinder
diesel engine, which is configured in such a manner that the
cylinder array direction is aligned with a vehicle front-rear
direction within an engine room of a vehicle front portion.
The engine 1 includes intake ports 3 on the vehicle left side,
and includes exhaust ports 4 on the vehicle right side. Note
that FIG. 1 illustrates only one cylinder 2 out of four
cylinders 2 i.e. the first to fourth cylinders 2 aligned from
one side to the other side in the cylinder array direction.
[0023] As illustrated in FIG. 2, the engine 1 includes a
cylinder block 1a, a cylinder head 15 disposed on the upper
side of the cylinder block 1a, a cylinder head cover 1c
disposed on the upper side of the cylinder head 15, a power
transmission mechanism (not illustrated) disposed on one
end of the cylinder block 1a and the cylinder head 15 in the
cylinder array direction, and configured to transmit a rota-
tional force of a crankshaft to an intake valve drive shaft and
to an exhaust valve drive shaft, and a cover member 71
which covers the power transmission mechanism. A trans-
mission 70 which converts the number of rotations of the
engine 1 to an appropriate number of rotations is mounted
below the cover member 71.

[0024] The power transmission mechanism includes a
crank sprocket mounted on the crankshaft, an intake
sprocket mounted on the intake valve drive shaft, an exhaust
sprocket mounted on the exhaust valve drive shaft, a timing
chain wound around the crank sprocket, the intake sprocket
and the exhaust sprocket, and an exhaust variable valve
timing mechanism (hereinafter, referred to as an exhaust
VVT) which changes opening and closing timings of an
exhaust valve.

[0025] As illustrated in FIG. 2, the cover member 71
includes an exhaust VVT cover portion 71a which covers
the exhaust VVT, and a chain cover portion 7 1b which
covers the timing chain and the like. The exhaust VVT cover
portion 71a is projected to one side of the engine 1 in the
cylinder array direction, namely, to the rear side of the
engine 1 in the vehicle front-rear direction, from the chain
cover portion 715.

[0026] As illustrated in FIG. 1, a combustion chamber 2a
is formed in each of the cylinders 2 of the engine 1. The
intake port 3 and the exhaust port 4 are opened in each of the
combustion chambers 2a. An intake valve 5 is provided for
each of the intake ports 3, and an exhaust valve 6 is provided
for each of the exhaust ports 4. Further, a fuel injection valve
7 is provided at an upper portion of each of the combustion
chambers 2a.

[0027] As illustrated in FIG. 4, a partition wall 74 extends
in the vehicle front-rear direction within the engine room for
separating the inside of the engine room into a region R1
where the engine 1 and a supercharging device are disposed,
and a region R2 where a vehicle-mounted electrical com-
ponent 75 such as a BCM (body control module) or a battery
is disposed.

Configuration of Supercharging Device

[0028] A supercharging device according to the embodi-
ment is a device for use with the engine 1. The supercharg-
ing device is provided in an intake passage 12 which
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supplies fresh air (intake air) to each of the cylinders 2 of the
engine 1, and in an exhaust passage 30 which discharges
exhaust gas from each of the cylinders 2.

[0029] The supercharging device according to the embodi-
ment schematically includes first and second exhaust turbo-
chargers 11 and 15 to be driven by exhaust energy of the
engine 1, an electric supercharger 18 to be driven by
electrical energy, an intercooler 16 which cools intake air
discharged from the first and second exhaust turbochargers
11 and 15 and from the electric supercharger 18, and an
intake manifold 10 which communicates between the down-
stream end of the intercooler 16 in the intake air flow
direction and the intake ports 3 of the engine 1.

[0030] In the following, constituent elements of an engine
system including the engine 1, the intake passage 12, the
exhaust passage 30, and the supercharging device are
described in detail.

[0031] As illustrated in FIG. 1, the intake passage 12
includes the intake manifold 10 to be connected to each of
the intake ports 3, and a common intake passage 13 formed
on the upstream side of the intake manifold 10 in the intake
air flow direction. The intercooler 16 is interposed between
the intake manifold 10 and the common intake passage 13.

[0032] As illustrated in FIG. 5, the intake manifold 10
extends substantially horizontally, and communicates
between the downstream end of the intercooler 16 and the
intake ports 3. As illustrated in FIG. 5 to FIG. 9, the intake
manifold 10 includes a manifold body 10a which guides
intake air to the intake ports 3, and a mounting flange 105
formed on the downstream end of the manifold body 10a
and mounted on a surface of the cylinder head la on the
intake side.

[0033] In the example illustrated in FIG. 5 to FIG. 9, the
intake manifold body 10a is a hollow member of a trap-
ezoidal shape in plan view. Specifically, the intake manifold
body 10a is configured in such a manner that the width
thereof is gradually increased in the cylinder array direction
from the upstream end thereof to the downstream end
thereof in plan view. The intake manifold body 10« includes
a trapezoidal upper wall portion 10al, a trapezoidal lower
wall portion 1042 spaced away from the upper wall portion
1041 in the up-down direction while facing the upper wall
portion 1041, a first side wall portion 10a3 which connects
between a slope of the upper wall portion 1041 and a slope
of the lower wall portion 1042 in the up-down direction, a
second side wall portion 10a4 which connects between
another slope of the upper wall portion 10a1 and another
slope of the lower wall portion 1042 in the up-down direc-
tion, and an end wall portion 1045 formed on the down-
stream end (an end of the intake manifold body 10a on the
engine side).

[0034] As illustrated in FIG. 9, the end wall portion 1045
includes a first opening portion 10c1 which communicates
with the upstream end of the intake port 3 of each of the first
cylinder and the second cylinder, and a second opening
portion 10¢2 which communicates with the upstream end of
the intake port 3 of each of the third cylinder and the fourth
cylinder.

[0035] The mounting flange 105 includes two upper
flanges 105 which project upwardly from the upper surface
of the downstream end (the end wall portion 10a5) of the
manifold body 10a, and three lower flanges 105, each of
which projects downwardly from the lower surface of the
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downstream end (the end wall portion 10a5) of the manifold
body 10a. A bolt insertion hole (not illustrated) is formed in
each of the flanges 1064.

[0036] As illustrated in FIG. 5 and FIG. 10, the intercooler
16 is a water-cooling intercooler. The intercooler 16 includes
an intercooler core 16a, an upstream tank 165 formed on the
upper side of the intercooler core 164, and a downstream
tank 16¢ formed on the lower side of the intercooler core
16a.

[0037] The intercooler core 16a includes an intercooler
core body 1641 with a housing 164 and a heat exchanger 16/
(see FIG. 1) disposed within the housing 164, and a core-
side flange 1642 formed on the lower end of the intercooler
core body 16al.

[0038] The housing 164 of the intercooler core body 16al
is constituted by a side wall of a rectangular prismatic shape.
An upper end and a lower end of the housing 164 is opened.
The core-side flange 1642 extends outwardly from the lower
end of the housing 16d.

[0039] The heat exchanger 16/ of the intercooler core body
1641 includes a plurality of partition walls which separate
(divide) the inside of the housing 164 into water passing
regions and intake air passing regions, which are formed
alternately in the cylinder array direction; and a cooling
water pipe 16e which supplies cooling water to the water
passing regions and discharges cooling water from the water
passing regions. Intake air is cooled by heat exchange
between intake air and cooling water through the partition
walls.

[0040] The cooling water pipe 16e passes through the
housing 164 from the outside of the housing 16d. Specifi-
cally, the cooling water pipe 16e passes through the lower
portion and the upper portion of a side wall of the housing
16d. The cooling water pipe 16e passing through the lower
portion of the side wall, and the cooling water pipe 16e
passing through the upper portion of the side wall respec-
tively extend in the cylinder array direction. Tip ends of the
cooling water pipes 16¢ are joined into a U-shape within the
housing 16d. FIG. 10 illustrates a portion of the cooling
water pipe 16e, which is located on the outside of the
housing 16d. The cooling water pipe 16e is connected to a
radiator (not illustrated) for a supercharger. Cooling water
cooled by the radiator is supplied to the water passing
regions by the cooling water pipe 16e. Cooling water
warmed within the water passing regions is returned to the
radiator by the cooling water pipe 16e.

[0041] The intake air passing regions of the heat
exchanger 16/ communicate with the common intake pas-
sage 13 via the upstream tank 165, and communicate with
the intake manifold 10 via the downstream tank 16c.
According to this configuration, intake air is allowed to flow
from the upstream tank 165 into the intake air passing
regions. Intake air flowing into the intake air passing regions
is discharged to the downstream tank 16c¢.

[0042] The upstream tank 165 is a member which distrib-
utes intake air flowing from the common intake passage 13,
and supplies the intake air to the intercooler core 16a. The
sectional area of the intake air passing regions is gradually
increased from the upstream end of the upstream tank 165
toward the downstream end of the upstream tank 165.

[0043] The downstream tank 16c¢ is a member which
collects intake air cooled by the intercooler core 164, and
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supplies the intake air to the intake manifold 10. In this
example, the downstream tank 16¢ is integrally formed with
the intake manifold 10.

[0044] The downstream tank 16¢ includes a downstream
tank body 16¢1, and a tank-side flange 16g formed on the
upstream end of the downstream tank body 16¢1, and
engaged with the core-side flange 1642 by a bolt.

[0045] The downstream tank body 16¢1 is configured such
that the upstream end thereof (i.e. an end of the downstream
tank body 16c¢1 on the tank-side flange 16g side) is opened
upwardly toward the intercooler core body 16al, and the
downstream end thereof is opened horizontally while com-
municating with the intake manifold 10. Specifically, the
downstream tank body 16¢1 includes a bottom plate portion
16¢2 communicating with the lower wall portion 1042 of the
intake manifold 10, and extending obliquely upwardly from
an end of the intercooler 16 on the intake manifold side
toward an end thereof on the side opposite to the intake
manifold 10; a first side wall portion 163 rising upward
from an end of the bottom plate portion 16¢2 in the cylinder
array direction, and communicating with the first side wall
portion 10a3 of the intake manifold 10; and a second side
wall portion 16¢4 rising upward from the other end of the
bottom plate portion 16¢2 in the cylinder array direction, and
communicating with the second side wall portion 10a4 of
the intake manifold 10. The downstream end of the inter-
cooler 16 is disposed substantially at the same height as the
upstream end of the intake ports 3. Specifically, the height of
the lower end of the bottom plate portion 16¢2 of the
intercooler 16 (the end of the bottom plate portion 16¢2 on
the intake manifold side) is set substantially the same as the
height of the lower wall portion 1042 of the intake manifold
body 10a, and as the height of the lower end of the upstream
end of the intake ports 3 (see FIG. 5).

[0046] As illustrated in FIG. 1, the common intake pas-
sage 13 includes, in this order from the upstream side in the
intake air flow direction, an air cleaner 14, a compressor
wheel 43 (hereinafter, referred to as a first compressor 43) of
the first exhaust turbocharger 11, a compressor wheel 44
(hereinafter, referred to as a second compressor 44) of the
second exhaust turbocharger 15, and a first flow rate regu-
lator valve (a throttle valve) 17. The first exhaust turbo-
charger 11 and the second exhaust turbocharger 15 corre-
spond to a turbocharger of the present invention. The first
compressor 43 and the second compressor 44 correspond to
a compressor of the present invention. A portion of the
common intake passage 13 between the first compressor 43
and the intercooler 16 corresponds to a main intake pipe of
the present invention. In the following description, the
aforementioned portion of the common intake passage 13 is
referred to as a main intake pipe 13c.

[0047] The main intake pipe 13¢ extends from the first
compressor 43 of the first exhaust turbocharger 11, passes
the second compressor 44 of the second exhaust turbo-
charger 15, and as illustrated in FIG. 2 and FIG. 4, extends
to a surface of an end of the engine 1 in the cylinder array
direction (the rear end of the engine 1 in the vehicle
front-rear direction). More specifically, the main intake pipe
13¢ extends from the exhaust side of the engine 1 toward the
intake side along the chain cover portion 7 Ib at a position
below the exhaust VVT cover portion 71a, and further
extends toward the intercooler 16 along a surface 25 of the
engine 1 on the intake side. As illustrated in FIG. 2 and FIG.
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3, the main intake pipe 13¢ extends from the exhaust side of
the engine 1 toward the intake side of the engine 1 upwardly
toward the intercooler 16.

[0048] As illustrated in FIG. 1, the first flow rate regulator
valve 17 for regulating the flow rate of intake air to be
introduced to the intake ports 3 through the main intake pipe
13¢ is disposed on the downstream side of the second
compressor 44 on the the main intake pipe 13¢. Further, an
electric supercharger bypass passage 21 which bypasses the
first flow rate regulator valve 17 is connected to the down-
stream portion of the second compressor 44. The electric
supercharger bypass passage 21 corresponds to a branch
intake pipe of the present invention.

[0049] More specifically, the electric supercharger bypass
passage 21 is a passage formed in parallel to the common
intake passage 13 on the downstream side of the second
compressor 44, and is a passage which communicates
between a first position 13a and a second position 1356 of the
common intake passage 13 away from each other in the
intake air flow direction. The second position 135 is located
on the downstream side of the first position 13a. As illus-
trated in FIG. 2 and FIG. 3, the electric supercharger bypass
passage 21 is branched downward from the first position 13a
at a midway of the main intake pipe 13¢, and is disposed
along a surface of the engine 1 on the intake side.

[0050] The electric supercharger 18, and a second flow
rate regulator valve 19 for regulating the flow rate of intake
air to be introduced to the intake ports 3 through the electric
supercharger bypass passage 21 are disposed on the electric
supercharger bypass passage 21 in this order from the
upstream side in the intake air flow direction. In this
example, the first position 13a is set in the vicinity of the end
of the engine 1 in the cylinder array direction (the rear end
of the engine 1 in the vehicle front-rear direction) on the
main intake pipe 13c. Specifically, the first position 13a is
set at a portion of the main intake pipe 13c¢ extending
upwardly from the end of the engine 1 in the cylinder array
direction toward the intercooler 16. Further, the first flow
rate regulator valve 17 is disposed at a position between the
first position 134 and the second position 135. The first flow
rate regulator valve 17 and the second flow rate regulator
valve 19 are controllably opened and closed by an ECU
(Electronic Control Unit) 100 to be described later.

[0051] Note that the reference numeral 21a illustrated in
FIG. 1 to FIG. 3 denotes the upstream portion of the electric
supercharger bypass passage 21 with respect to the electric
supercharger 18, and the reference numeral 215 denotes the
downstream portion of the electric supercharger bypass
passage 21 with respect to the electric supercharger 18.
[0052] The electric supercharger 18 includes an electric
motor 18a, and an impeller 185 to be directly driven by the
electric motor 18a. The electric supercharger 18 is driven by
the electric motor 18a. Therefore, the electric supercharger
18 has good responsiveness, and is capable of speedily
increasing a supercharging pressure. Further, the electric
supercharger 18 is capable of increasing a supercharging
pressure without being affected by an operating state of the
engine 1 (such as an engine speed). Taking advantage of the
aforementioned characteristics, the electric supercharger 18
is driven to compensate for a supercharging operation until
the supercharging pressures of the first and second exhaust
turbochargers 11 and 15 are increased in a condition that the
engine 1 is in a low speed range, or in a condition that the
first and second exhaust turbochargers 11 and 15 cannot
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perform a supercharging operation due to turbo lag, in which
a supercharging operation is delayed.

[0053] As illustrated in FIG. 3, the electric supercharger
18 is disposed below the intake manifold 10 and the inter-
cooler 16 along a surface 25 of the engine 1 where the intake
ports 3 (see FIG. 1) are formed. Further, the second flow rate
regulator valve 19 is disposed on the electric supercharger
bypass passage 21 at a position above the electric super-
charger 18 and below the intercooler 16. Note that an
operation of the electric supercharger 18 is controlled by the
ECU 100.

[0054] As illustrated in FIG. 1, the exhaust passage 30
includes an exhaust manifold 31 and a common exhaust
passage 33.

[0055] The exhaust manifold 31 includes four independent
exhaust passages to be connected to the exhaust ports 4 of
the cylinders 2, and a collecting passage formed by merging
the downstream ends of the independent exhaust passages.
The upstream end of the common exhaust passage 33 is
connected to the downstream end of the collecting passage
in the exhaust air flow direction.

[0056] A turbine wheel 41 (hereinafter, referred to as a
second turbine 41) of the second exhaust turbocharger 15, a
turbine wheel 40 (hereinafter, referred to as a first turbine
40) of the first exhaust turbocharger 11, an exhaust purifi-
cation device 34, and an exhaust shutter valve 37 are
disposed in this order on the common exhaust passage 33
from the upstream side in the exhaust air flow direction. The
exhaust shutter valve 37 is controllably opened and closed
by the ECU 100.

[0057] The exhaust purification device 34 has a catalytic
function, and a function of trapping exhaust particulates
(PM) of diesel smoke. Specifically, the exhaust purification
device 34 includes an oxidation catalyst 35, and a diesel
particulate filter (DPF) 36 disposed on the downstream side
of the oxidation catalyst 35.

[0058] As illustrated in FIG. 1, the first exhaust turbo-
charger 11 and the second exhaust turbocharger 15 are
disposed between the common intake passage 13 and the
common exhaust passage 33. Two-stage supercharging is
performed by the first exhaust turbocharger 11 and the
second exhaust turbocharger 15. Note that when the electric
supercharger 18 is driven, three-stage supercharging in total
is performed.

[0059] The first exhaust turbocharger 11 includes the first
turbine 40 which is driven to rotate by energy of exhaust gas,
and the first compressor 43 connected to the first turbine 40
via a shaft 42. The first exhaust turbocharger 11 super-
charges intake air by rotation of the first compressor 43,
which is associated with rotation of the first turbine 40.
[0060] The second exhaust turbocharger 15 includes the
second turbine 41 which is driven to rotate by energy of
exhaust gas, and the second compressor 44 connected to the
second turbine 41 via a shaft 45. The second exhaust
turbocharger 15 supercharges intake air by rotation of the
second compressor 44, which is associated with rotation of
the second turbine 41.

[0061] Further, as illustrated in FIG. 1, a low-pressure
EGR passage (LP-EGR passage) 50, and a high-pressure
EGR passage (HP-EGR passage) 60 are formed between the
intake passage 12 and the exhaust air passage 30.

[0062] The LP-EGR passage 50 communicates between
the downstream portion of the common exhaust passage 33
with respect to the exhaust purification device 34 in the
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exhaust air flow direction, and the upstream portion of the
the common intake passage 13 with respect to the first
compressor 43 in the intake air flow direction; and refluxes
a part of exhaust gas of a relatively low pressure, which is
obtained after the first turbine 40 and the second turbine 41
are driven, to the intake passage 12. An LP-EGR valve 51 is
disposed on the LP EGR passage 50. Opening and closing of
the LP-EGR valve 51 is controlled by the ECU 100. Further,
an LP-EGR cooler 52 is disposed on the upstream side of the
LP-EGR valve 51 in the exhaust air flow direction.

[0063] The-HP EGR passage 60 communicates between
the upstream portion of the common exhaust passage 33
with respect to the second turbine 41 in the exhaust air flow
direction, and a surge tank 9; and refluxes a part of exhaust
gas of a relatively high temperature and a relatively high
pressure, which is obtained before the first turbine 40 and the
second turbine 41 are driven, to the intake passage 12. An
HP-EGR valve 61 is disposed on the HP-EGR passage 60.
Opening and closing of the HP-EGR valve 61 is controlled
by the ECU 100. Further, an HP-EGR cooler 62 is disposed
on the upstream side of the HP-EGR valve 61 in the exhaust
air flow direction. Furthermore, an EGR bypass passage 20
which bypasses the HP-EGR valve 61 and the HP-EGR
cooler 62 is connected to the HP-EGR passage 60. An EGR
bypass valve 22 is disposed on the EGR bypass passage 20.
Opening and closing of the EGR bypass valve 22 is con-
trolled by the ECU 100.

[0064] The ECU 100 is a microcomputer constituted by a
CPU, an RAM, and an ROM. The ECU 100 is configured to
control components to be controlled by control signals to be
generated by a program, which is stored in advance in the
ROM.

[0065] The ECU 100 is connected to a plurality of sensors
which detect operating states of a vehicle including a crank
angle and a stepping amount of an accelerator pedal via a
communication line. The ECU 100 receives a signal indi-
cating an operating state of a vehicle from each of the
sensors through the communication line. The ECU 100
generates control signal for controlling the first flow rate
regulator valve 17, the second flow rate regulator valve 19,
the electric supercharger 18, the EGR bypass valve 22, the
exhaust shutter valve 37, the HP-EGR valve 61, the LP-EGR
valve 51, and the like on the basis of input signals. The ECU
100 is connected to the first flow rate regulator valve 17, the
second flow rate regulator valve 19, the electric supercharger
18, the EGR bypass valve 22, the exhaust shutter valve 37,
the HP-EGR valve 61, the LP-EGR valve 51, and the like via
a communication line. The ECU 100 transmits control
signals to these components to be controlled through the
communication line (see the broken line arrows in FIG. 1).

[0066] It is possible to change the opening angle of one of
the first flow rate regulator valve 17 and the second flow rate
regulator valve 19, which is opened, according to a stepping
amount of the accelerator pedal or the like. In other words,
the first flow rate regulator valve 17 has a function of closing
the intake passage 12, and a function as a throttle valve
which controls the amount of intake air by changing the
passing area of intake air. Likewise, the second flow rate
regulator valve 19 has a function of closing the electric
supercharger bypass passage 21, and a function as a throttle
valve which controls the amount of intake air by changing
the passing area of intake air.
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Advantageous Effects of Embodiment

[0067] According to the embodiment, as illustrated in FIG.
5, the downstream end of the intercooler 16 in the intake air
flow direction is located on the lower end of the intercooler
16. The downstream end of the intercooler 16 is disposed
substantially at the same height as the upstream end of the
intake ports 3. Further, the upstream ends of the intake ports
3 and the downstream end of the intercooler 16 are com-
municated via the intake manifold 10 which is disposed
substantially horizontally. According to this configuration,
even if water droplets are generated within the intercooler 16
by water condensation in cooling high temperature intake air
discharged from the electric supercharger 18 by the inter-
cooler 16, and the water droplets drop onto the lower end
(the bottom plate portion 16¢2) of the intercooler 16, the
water droplets are smoothly sucked into the intake ports 3
through the intake manifold 10 immediately after dropping.
This makes it possible to prevent deposition of condensed
water within the intercooler 16. Therefore, it is possible to
prevent that deposited condensed water may be instanta-
neously sucked into the intake ports 3 when the engine speed
is increased, thereby adversely affecting the engine.

[0068] Further, the lower end of the intercooler 16 is
disposed substantially at the same height as the upstream
end of the intake ports 3. This makes it possible to dispose
the intercooler 16 at a relatively low position. This is
advantageous in suppressing the height of a hood 72 (see
FIG. 5) at a relatively low height.

[0069] Further, the electric supercharger 18 is disposed
below the intercooler 16 along the surface 25 of the engine
1 on the intake side. This makes it possible to mount the
electric supercharger 18 around the engine 1 in a compact
manner by effectively using a space below the intercooler
16, while suppressing influence of exhaust heat on the
electric supercharger 18.

[0070] Further, according to the embodiment, the main
intake pipe 13¢ extends from the compressor 43 of the first
exhaust turbocharger 11, extends from the exhaust side of
the engine 1 toward the intake side of the engine 1 along an
end of the engine 1 in the cylinder array direction (the rear
end of the engine 1 in the vehicle front-rear direction), and
further extends toward the intercooler 16 along the surface
25 of the engine on the intake side. This makes it possible
to dispose the main intake pipe 13c¢ at a relatively low
position, while preventing interference of the main intake
pipe 13¢ with a component projecting from the upper
surface of the engine 1 e.g. a rear end of an injector. This is
advantageous in suppressing the height of the hood 72 at a
relatively low height. Further, the electric supercharger
bypass passage 21, which is branched from the first position
13a at a midway of the main intake pipe 13¢, passes the
electric supercharger 18, and is connected to the second
position 136 at a midway of the main intake pipe 13c¢, is
disposed along the surface 25 of the engine 1 on the intake
side. This makes it possible to dispose the electric super-
charger bypass passage 21 together with the electric super-
charger 18 around the engine 1 in a compact manner
[0071] Further, according to the embodiment, the main
intake pipe 13¢ extends from the exhaust side of the engine
1 toward the intake side of the engine 1 upwardly toward the
intercooler 16. The first position 13a at which the electric
supercharger bypass passage 21 is branched is set at a
portion of the main intake pipe 13¢ extending upwardly
from the end of the engine 1 in the cylinder array direction
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(the rear end of the engine 1 in the vehicle front-rear
direction). According to this configuration, it is possible to
branch the electric supercharger bypass passage 21 (21a)
relatively moderately from the main intake pipe 31¢, and to
cause intake air to smoothly flow from the main intake pipe
13¢ to the electric supercharger bypass passage 21.

[0072] Further, according to the embodiment, the first flow
rate regulator valve 17 is disposed on the main intake pipe
13¢ between the first position 13a and the second position
134. This makes it possible to dispose the first flow rate
regulator valve 17 while securing a relatively large space
between the first position 13a and the second position 134.

[0073] Further, according to the embodiment, the second
flow rate regulator valve 19 is disposed on the electric
supercharger bypass passage 21 at a position above the
electric supercharger 18 and below the intercooler 16. This
makes it possible to dispose the second flow rate regulator
valve 19 together with the electric supercharger 18 around
the engine 1 in a compact manner by effectively using a
space below the intercooler 16.

[0074] Further, according to the embodiment, the bottom
plate portion 16¢2 of the intercooler 16, specifically, the
lower surface of the intercooler 16 extends obliquely
upwardly from an end of the intercooler 16 on the intake
manifold side toward an end of the intercooler 16 on the side
opposite to the intake manifold. This is advantageous in
securing a large space below the intercooler 16, and in
facilitating mounting the electric supercharger 18 and the
like.

[0075] Further, according to the embodiment, the inside of
the engine room is separated into the region R1 where the
engine 1 and the supercharging device are disposed, and the
region R2 where the vehicle-mounted electrical component
75 such as a BCM or a battery is disposed by the partition
wall 74. This makes it possible to prevent heat generated in
the engine 1 from adversely affecting the vehicle-mounted
electrical component 75, and to promote a warm-up opera-
tion of the engine 1 at the start of the engine 1 by suppressing
dissipation of heat generated in the engine 1.

[0076] Note that the embodiment may be modified as
follows. For instance, one of the first exhaust turbocharger
11 and the second exhaust turbocharger 15 may be omitted.

[0077] Further, the number of cylinders of the engine 1
may be changed to the number other than the above. Further,
in the embodiment, the present invention is applied to a
diesel engine. Alternatively, the present invention may be
applied to a gasoline engine.

[0078] The following is a summary of the embodiments of
the present invention.

[0079] In order to solve the aforementioned drawbacks,
the present invention provides a supercharging device for an
engine including a cylinder head with intake ports. The
supercharging device includes an electric supercharger
which supercharges intake air to the engine; an intercooler
which cools intake air discharged from the electric super-
charger; and an intake manifold which is disposed substan-
tially horizontally, and is configured to communicate
between a downstream end of the intercooler in an intake air
flow direction, and the intake ports. The downstream end of
the intercooler is located on a lower end of the intercooler,
and the downstream end of the intercooler is disposed
substantially at the same height as an upstream end of the
intake ports. The electric supercharger is disposed below the
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intercooler along a surface of the engine on an intake side
where the intake ports are opened.

[0080] According to the present invention, the down-
stream end of the intercooler is located on a lower end of the
intercooler. The downstream end of the intercooler is dis-
posed substantially at the same height as the upstream end
of the intake ports. Further, the intake ports and the down-
stream end of the intercooler are communicated with each
other by the substantially horizontally disposed intake mani-
fold. According to this configuration, even if water droplets
are generated within the intercooler by water condensation
in cooling high temperature intake air discharged from the
electric supercharger by the intercooler, and the water drop-
lets drop onto the lower end of the intercooler, the water
droplets are smoothly sucked into the intake ports through
the intake manifold immediately after dropping. This makes
it possible to prevent deposition of condensed water within
the intercooler. Therefore, it is possible to prevent that
deposited condensed water may be instantaneously sucked
into the intake ports when the engine speed is increased,
thereby adversely affecting the engine.

[0081] Further, the lower end of the intercooler is disposed
substantially at the same height as the upstream end of the
intake ports. This makes it possible to dispose the intercooler
at a relatively low position. This is advantageous in sup-
pressing the height of a hood at a relatively low height.
[0082] Furthermore, the electric supercharger is disposed
below the intercooler along the surface of the engine on the
intake side. Therefore, it is possible to dispose the electric
supercharger around the engine in a compact manner by
effectively using a space below the intercooler, while sup-
pressing influence of exhaust heat on the electric super-
charger.

[0083] In the present invention, preferably, the super-
charging device may further include a turbocharger which is
disposed along a surface of the engine on an exhaust side,
and is configured to be driven by exhaust gas of the engine;
a main intake pipe which extends from a compressor of the
turbocharger, extends from the exhaust side of the engine
toward the intake side of the engine along an end of the
engine in a cylinder array direction, and further extends
toward the intercooler along the surface of the engine on the
intake side; and a branch intake pipe which is branched
downward from a first position at a midway of the main
intake pipe, passes the electric supercharger, and is disposed
along the surface of the engine on the intake side, a
downstream end of the branch intake pipe being connected
to a second position of the main intake pipe on a downstream
side than the first position.

[0084] According to the aforementioned configuration, the
main intake pipe extends from the compressor of the turbo-
charger, extends from the exhaust side of the engine toward
the intake side of the engine along the end of the engine in
the cylinder array direction, and further extends toward the
intercooler along the surface of the engine on the intake side.
This makes it possible to dispose the main intake pipe at a
relatively low position, while preventing interference of the
main intake pipe with a component projecting from the
upper surface of the engine e.g. a rear end of an injector. This
is advantageous in suppressing the height of the hood at a
relatively low height. Further, the branch intake pipe, which
is branched from the first position at a midway of the main
intake pipe, passes the electric supercharger, and is con-
nected to the second position at a midway of the main intake
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pipe, is disposed along the surface of the engine on the
intake side. This makes it possible to dispose the branch
intake pipe together with the electric supercharger around
the engine in a compact manner

[0085] Inthe present invention, preferably, the main intake
pipe may extend from the exhaust side of the engine toward
the intake side of the engine upwardly toward the inter-
cooler, and the first position may be located at a portion of
the main intake pipe extending upwardly from the end of the
engine in the cylinder array direction.

[0086] According to the aforementioned configuration, it
is possible to branch the branch intake pipe relatively
moderately from the main intake pipe, and to cause intake
air to smoothly flow from the main intake pipe to the branch
intake pipe.

[0087] In the present invention, preferably, the super-
charging device may further include a first flow rate regu-
lator valve which is disposed on the main intake pipe
between the first position and the second position, and is
configured to regulate a flow rate of intake air to be
introduced to the intake ports through the main intake pipe.
[0088] According to the aforementioned configuration, it
is possible to dispose the first flow rate regulator valve while
securing a relatively large space between the first position
and the second position.

[0089] In the prevent invention, preferably, the super-
charging device may further include a second flow rate
regulator valve which is disposed on the branch intake pipe
at a position above the electric supercharger and below the
intercooler, and is configured to regulate a flow rate of intake
air to be introduced to the intake ports through the branch
intake pipe.

[0090] According to the aforementioned configuration, it
is possible to dispose the second flow rate regulator valve
together with the electric supercharger around the engine in
a compact manner by effectively using a space below the
intercooler.

[0091] Inthe present invention, preferably, a lower surface
of the intercooler may extend obliquely upwardly from an
end of the intercooler on an intake manifold side toward an
end of the intercooler on a side opposite to the intake
manifold.

[0092] The aforementioned configuration is advantageous
in securing a large space below the intercooler, and in
facilitating mounting an electric supercharger or the like.

[0093] Inthe present invention, preferably, the engine may
be a longitudinally mounted engine which is disposed in
such a manner that the cylinder array direction is aligned
with a vehicle front-rear direction, and the supercharging
device may further include a partition wall which separates
the inside of an engine room into a region where the engine
and the supercharging device are disposed, and a region
where a vehicle-mounted electrical component is disposed.

[0094] According to the aforementioned configuration, the
inside of the engine room is separated into the region where
the engine and the supercharging device are disposed, and
the region where the vehicle-mounted electrical component
is disposed by the partition wall. This makes it possible to
prevent heat generated in the engine from adversely affect-
ing the vehicle-mounted electrical component, and to pro-
mote a warm-up operation of the engine at the start of the
engine by suppressing dissipation of heat generated in the
engine.
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[0095] This application is based on Japanese Patent Appli-
cation No. 2016-024868 filed in Japan Patent Office on Feb.
12, 2016, the contents of which are hereby incorporated by
reference.

[0096] Although the present invention has been fully
described by way of example with reference to the accom-
panying drawings, it is to be understood that various changes
and modifications will be apparent to those skilled in the art.
Therefore, unless otherwise such changes and modifications
depart from the scope of the present invention hereinafter
defined, they should be construed as being included therein.

What is claimed is:

1. A supercharging device for an engine including a

cylinder head with intake ports, comprising:

an electric supercharger which supercharges intake air to
the engine;

an intercooler which cools intake air discharged from the
electric supercharger; and

an intake manifold disposed substantially horizontally,
and configured to communicate between a downstream
end of the intercooler in an intake air flow direction,
and the intake ports, wherein

the downstream end of the intercooler is located on a
lower end of the intercooler, and the downstream end of
the intercooler is disposed substantially at a same
height as an upstream end of the intake ports, and

the electric supercharger is disposed below the intercooler
along a surface of the engine on an intake side where
the intake ports are opened.

2. The supercharging device for an engine according to

claim 1, further comprising:

a turbocharger which is disposed along a surface of the
engine on an exhaust side, and is configured to be
driven by exhaust gas of the engine;

a main intake pipe which extends from a compressor of
the turbocharger, extends from the exhaust side of the
engine toward the intake side of the engine along an
end of the engine in a cylinder array direction, and
further extends toward the intercooler along the surface
of the engine on the intake side; and

a branch intake pipe which is branched downward from a
first position at a midway of the main intake pipe,
passes the electric supercharger, and is disposed along
the surface of the engine on the intake side, a down-
stream end of the branch intake pipe being connected to
a second position of the main intake pipe on a down-
stream side than the first position.

3. The supercharging device for an engine according to

claim 2, wherein

the main intake pipe extends from the exhaust side of the
engine toward the intake side of the engine upwardly
toward the intercooler, and

the first position is located at a portion of the main intake
pipe extending upwardly from the end of the engine in
the cylinder array direction.

4. The supercharging device for an engine according to

claim 2, further comprising:

a first flow rate regulator valve which is disposed on the
main intake pipe between the first position and the
second position, and is configured to regulate a flow
rate of intake air to be introduced to the intake ports
through the main intake pipe.

5. The supercharging device for an engine according to

claim 2, further comprising:
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a second flow rate regulator valve which is disposed on
the branch intake pipe at a position above the electric
supercharger and below the intercooler, and is config-
ured to regulate a flow rate of intake air to be intro-
duced to the intake ports through the branch intake
pipe.

6. The supercharging device for an engine according to

claim 1, wherein

a lower surface of the intercooler extends obliquely
upwardly from an end of the intercooler on an intake
manifold side toward an end of the intercooler on a side
opposite to the intake manifold.

7. The supercharging device for an engine according to

claim 1, wherein

the engine is a longitudinally mounted engine which is
disposed in such a manner that the cylinder array
direction is aligned with a vehicle front-rear direction,
and

the supercharging device further includes a partition wall
which separates the inside of an engine room into a
region where the engine and the supercharging device
are disposed, and a region where a vehicle-mounted
electrical component is disposed.
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